Prey have evolved a range of traits to enhance their survival against predators. These traits often show geographical variation due to the differences in local predation pressure. To date, there exists ample evidence of the geographical variation in single anti-predator traits such as coloration induced by differential predation. However, predation pressure often induces the shift in a suite of (correlated) prey traits, such as coloration and behavior, rather than a single trait in nature. In this study, we investigated the nature and extent of geographical variation in both color and behavioral traits in the oriental fire-bellied toad, Bombina orientalis, testing whether the frogs experience different predation pressure in different sites and evaluating how this might affect a range of traits associated with predator avoidance. Specifically, we quantified dorsal/ventral coloration, daytime resting place (i.e. the place where each frog was first spotted), and activity levels of natural populations of the frogs in 9 geographically distinct sites distributed across South Korea. We found the clearest differences in these traits between mainland and Jeju Island populations, with Jeju Island frogs exhibiting 1) less bright and less chromatic aposematic ventral coloration than mainland frogs, 2) lower activity during both day and night, and 3) a tendency to rest underwater. Follow-up predation experiments using clay frog models found that frogs in Jeju Island suffer higher predation pressure than mainland frogs, which readily explains the divergence in behavioral and morphological traits among populations.
INTRODUCTION
Geographical variation in coloration is a common, taxonomically widespread phenomenon that has captured many biologists' attention for a long time (Wallace 1865; Dobzhansky 1933; Jablonski and Chaplin 2000) . The interplay between natural and sexual selection is thought to have played a major role in generating this variation (Endler 1995) . In many cases, sexual selection exerts directional selection on coloration and promotes the evolution of sexually attractive (usually bright and colorful) coloration, while predation pressure that favors camouflage balances out and suppresses the expression of bright coloration, thereby generating diversity in coloration dependent on local predation pressure (Endler 1995; Zuk and Kolluru 1998) . Each of the above studies serve to demonstrate that when predation pressure differs between regions then it can exert divergent selection, leading to geographical variation in color (Stuart-Fox et al. 2004; Vignieri et al. 2010) .
Local adaptations of the prey to avoid predation have been reported in numerous studies (Endler 1995) . For example, larvae of the streamside salamander that coexist with fish predators exhibit lighter coloration which matches the coloration of their background compared to the larvae which inhabit predator-free sites (Storfer et al. 1999) . Differential selection by predators can also affect the expression of aposematic coloration: indeed, theory and empirical studies have demonstrated that spatial heterogeneity of predator communities (or predators from different localities who have learned to avoid distinct signals) can generate a geographical mosaic of selection, promoting variation in aposematic signals (Endler and Mappes 2004; Chouteau and Angers 2011; Nokelainen et al. 2014) .
In amphibians, there is considerable evidence that both natural selection mediated by predators and sexual selection have affected the formation of geographical color variation (Rudh et al. 2007; Maan and Cummings 2009; Noonan and Comeault 2009) . Accumulated evidence suggests that the divergence in frog coloration often does not correlate with genetic distance and occurs faster than neutral processes which indicate that local selection pressure has shaped the generation of color pattern diversity in frogs (Rudh et al. 2007; Amézquita et al. 2009; Brown et al. 2010) . To date, however, the majority of studies on geographical variation in coloration and the selective pressure that generated this diversity in amphibians have largely focused on the poison frog family Dendrobatidae, while other systems have only rarely been investigated. Furthermore, most of the studies that identify the geographical variation have focused on a single trait variation (coloration), and have not explored other traits (e.g., behaviors) which might have co-evolved with coloration (Rudh et al. 2011; Rudh et al. 2013) . Therefore, to broaden our insights into this biologically widespread phenomenon, it is crucial to explore the patterns of geographical variation in multiple (possibly correlated) traits in more taxa and evaluate the role of local adaptation in shaping this variation.
In this study, we examined the extent of geographical variation in multiple traits most likely involved in anti-predator defense and how predator selection has affected this variation. We have used the oriental fire-bellied toad, Bombina orientalis (Boulenger 1890; Amphibia, Anura, Bombinatoridae), as a model system for several reasons. First, B. orientalis shows 2 different functional color patterns that have evolved for anti-predator purposes: their dorsal color patterns resemble those of their natural backgrounds which possibly make the frogs become cryptic, while their ventral color patterns are conspicuously colored and used as an aposematic signal to advertise their defensive chemicals (Bajger 1980) . Second, there exist high degrees of natural variation in both dorsal and ventral color patterns (Figure 1 ). These characters make B. orientalis ideal for studying adaptive coloration and how local adaptation shapes geographical patterns of variation in coloration. The phylogeographic genetic structure of this species has been revealed recently (Fong et al. 2016) , and it indicates that genetically different groups coexist in South Korea. However, natural (geographical) variation in phenotypes, which may be directly under local selection have never been investigated to date. Our goals in this study are to 1) characterize the geographical patterns of natural variation in both dorsal and ventral coloration, 2) investigate whether behaviors that are associated with anti-predator defense co-vary with coloration, 3) examine phenotypic differences between mainland and island populations where genetic divergence has occurred (Fong et al. 2016) , and 4) test whether local adaptation (induced by differential predator pressure) could be responsible for the observed divergence in morphological and behavioral traits.
To achieve our goals, we sampled natural populations of frogs in geographically distinct sites. We included 8 mainland sites distributed across the mainland of South Korea and one island site. The island population is considered to be founded after a single dispersal event from the mainland that occurred in the region of 4.32 Ma ago (Fong et al. 2016) . For frog traits, we measured a suite of (inter-related) phenotypic characteristics including 1) the dorsal and ventral coloration, 2) daytime resting place (i.e. the place where each frog was first spotted), and 3) day/night activity levels. To elucidate the drivers of this variation, we examined whether populations that exhibited different suites of phenotypic traits also experienced different predation pressure by conducting a clay frog model predation experiment. We predicted that frogs experiencing higher predation threats would have attributes that help the frogs 1) reduce the encounters with predators (reduced activities and hiding habits) and/or 2) increase the survivorship once they encountered a predator (brighter ventral aposematic signal). To test these predictions, we first investigated geographical variation in coloration and resting behavior across all 9 study sites. To further focus our study, we then compared the activity levels and predation pressures between the sites where the most dramatic behavioral and morphological differences were found.
MATERIALS AND METHODS

Study subject
B. orientalis is a semi-aquatic frog species commonly found in Korea, northern-east China, and adjacent parts of Russia. Like other Bombina species, this frog is semi-aquatic and inhabits a variety of different habitats including forests, river valleys, and swamps. Normally, B. orientalis is found close to water. The adults emerge from late April and are active until they hibernate in late October in South Korea. They can live up to 30 years in captivity. The sexes are similar in appearance, but males have nuptial pads on their forefeet during the mating season and knobby backs. As noted, there exists high degree of natural variation in dorsal/ventral color patterns: their dorsal color pattern ranges from bright-green to dark-brown with dark spots and their aposematic ventral surface is covered to different extents with bright red-orange coloration with dark mottles (Figure 1 ). Birds and mammals are considered the main predators of adult B. orientalis. Under an imminent threat, they show "unken reflex" behavior which can be characterized by arching of their body to reveal previously hidden aposematic ventral coloration, a behavior that is often accompanied by the release of toxins through their skin (Bajger 1980) .
Survey of geographical variation in coloration and behavior
To evaluate the extent of geographical variation in traits, we surveyed frogs in 9 different sites in South Korea: Gapyeong (GP), Gangneung (GN), Goesan (GS), Andong (AD), Jeonju (JJ), Woolsan (WS), Sooncheon (SC), Youngam (YA), and Jeju Island (JI). These sites were approximately evenly spread throughout South Korea (Figure 1 , see Supplementary Table S1 in Supplementary materials for GPS coordinates). For each site, we searched for frogs in local creeks. B. orientalis is the only Bombina sp. that inhabits in South Korea, so it is readily distinguishable from other species of frogs. Whenever a frog was detected, we noted the place that the frog was first spotted, captured it using latex-gloved hands, and took a photograph of its dorsum immediately (Sony alpha 65 with SAL1855 lens, F5.6, ISO 400, manual shutter speed for controlling exposure; Sony, Tokyo, Japan). A standard color checker (X-rite color checker passport, X-Rite, Kentwood, MI, USA) was always placed next to each frog for later processing of the images. All photos were taken as a RAW format set with a slight under-exposure to avoid saturation of the images (Stevens et al. 2007 ). The first place a frog was found was coded as either "on a substrate", "under a rock", "floating on water", and "underwater" (Figure 2 ). We note here that when a frog was "on a substrate", potential substrate materials included leaf litter, rocks, vegetation, and clay, but because B. orientalis is active during daytime and moves between substrates frequently, we used a pooled category for all substrate types.
Following discovery of each frog and photography, we measured the reflectance of ventral coloration 3 times in random red areas of the frog using a spectrometer (see below). We also measured snout-vent-length (SVL) and identified the sex of each frog. Each individual was sexed based on the morphological differences: males had nuptial pads on forefeet and knobby backs. Sex was clear for most frogs except for 11 individuals which were excluded from the analysis whenever sex was included as a predictor variable. After all our examinations were completed, we released the frogs at their collected spots. A total of 248 frogs from all populations (including Jeju Island) were sampled between 19th August and 2nd October 2014 during 0900-1800. We additionally sampled 34 individuals from Jeju Island in a different site in June 2016 for the first location to increase the power of the analysis and to confirm the behavioral consistency between populations within Jeju Island.
We used photography to quantify dorsal coloration yet spectrometry for ventral coloration for several reasons. When measuring dorsal coloration, it was important to measure the color immediately after the capture because, like other frog species, dorsal coloration of B. orientalis can change rapidly (unpublished data, Kang C). Since spectrometry requires setting-up time and handling of frogs for a prolonged time, photography was considered the appropriate method to rapidly quantify the natural variation. Reassuringly, spectrometry of dorsal coloration showed that the dorsum of B. orientalis reflected a negligible amount of light in the UV region (less than 5% reflectance across 300-400 nm), so standard photography captured most of the variation in dorsal coloration in animal-visible spectrum (400-700 nm). On the other hand, ventral coloration of B. orientalis did not change rapidly and showed a second peak in the UV region (see Supplementary Figure S1 ). Since standard photography cannot capture variation in the UV region, we used a spectrometer (Jaz, Ocean Optics, Dunedin, FL) with a 99% reflectance standard (Lab-sphere, North Sutton, NH) to measure the relatively fixed ventral coloration.
Image and spectral data processing
Each image was saved as RAW files and converted to 8-bit TIFF images using Sony Image Data Converter. To generate standardized color images that are independent of light conditions and device, we first corrected non-linear responses of the camera to the light intensity (a process called linearization), equalized the 3 RGB channels in respect to grey colors in the color checker (i.e. we ensured that a standard grey color had the same pixel value for the 3 channels), and rescaled images in a way that the brightest grey color in the color checker (which showed 99% reflectance across visible spectrum) had maximum RGB values, following Stevens et al. (2007) . We then took 3 random areas from each frog's dorsum image and measured median RGB values. We always measured brighter patches of dorsum unless frogs showed dark-brown color with no apparent patterns in that case we measured random dark areas. We then converted the measured RGB values into Lab color space (Wyszecki and Stiles 1982) to calculate brightness (i.e. the degree of dark or light), chroma (i.e., the degree of purity/vividness of a color of a given hue), and hue (i.e. the attribute of a color that is discernible as red, blue, or yellow independent of brightness and chroma) using the following equations:
From the reflectance data, the following colorimetric variables were calculated for each frog using "pavo" package in R (Maia et al. 2013): brightness was calculated as the mean relative reflectance over 300-700 nm range; chroma was calculated as (reflectance max − reflectance min )/(mean brightness); hue was calculated as the wavelength of maximum reflectance.
Activity level survey
Following the survey of geographical variation in coloration and resting behavior, we compared the activity levels of the frogs collected from different sites for 24 h. This investigation was conducted at only 3 sites to narrow down the number of sites to a manageable number within our time-scope: we chose GP and AP as representative sites for mainland, and JI as an island site. Our main goal for this survey was to compare mainland and island populations since the preceding survey of coloration and resting behaviors showed the most dramatic differences between mainland and island populations, and revealed only minor differences among mainland populations. The GP and AP sites were chosen because habitats in these 2 sites are most similar to JI site (creeks in a mountain, although most study sites shared these habitat characteristics), thereby reducing any effect of different predator types induced by differences in habitat type. In addition, the 2 sites were away from human activity which was crucial for the clay frog model experiment (see below) conducted simultaneously. For each population, we collected 5 male and 5 female frogs and brought them to indoor semi-aquatic terrariums (a facility at Ewha Womans University for mainland frogs, a facility at Jeju National University for Jeju frogs) that consisted of water, rocks, and moss which mimics the natural habitats of B. orientalis (Edmonds 2011) . Water was dechlorinated in the outside under the sun for 24 h before being used. Each sex was kept separately in 2 different terrariums (40 cm × 46 cm × 62 cm, 5 frogs in each terrarium) which were placed adjacent to each other. Juvenile crickets were provided as a food source ad libitum. First, the frogs spent 24 h in the terrariums to be acclimatized to the environment. B. orientalis is known to behave well in captivity, and our observations suggest that they had no problem exhibiting a range of behaviors including foraging, calling, mate searching, and mating (when 2 sexes were mixed). Then we video-recorded their behaviors 24 h from the above with natural circadian lighting (approximately 14:10 h light:dark for all populations) without any disturbance. Other environmental conditions were maintained similarly between each test in indoor conditions (mean daily temperature varied only slightly between each test from 23.2 °C to 24.4 °C, humidity was a less concern because the terrarium was semi-aquatic where half of the surface was filled with water).
After the experiment, all tested frogs were released to their locations of capture. This experiment was performed on 19th May (GP), 2nd June (JI), and 26th June (AD), 2016.
Predation experiment
To test whether differential predation pressure can help explain the observed geographical divergence in behavioral and morphological traits, we conducted a field predation experiment using frog clay models to compare the predation risk on B. orientalis between mainland and island sites. To reduce the number of sites to a manageable number, we conducted predation trials in 3 different sites (with 2 replications in each site) where geographical trait divergence was the most prominent based on the results of the coloration and behavior survey. We again chose GP and AD sites as representatives of mainland sites, and JI site as an island site. To make frog models, we used sulfur-free plasticine clay (Gloriaclay, Sungnam, Kyungki-do, South Korea) using the modified methods of Yeager (2011) . First, we created a hand-crafted initial clay model of B. orientalis, then made silicon molds of frogs using silicon and catalyst mix (10:1). Using these silicon molds, we made each frog model by filling red colored plasticine clay into a mold, took it out, and painted the dorsal part of the model with non-toxic acrylic paints (Chromacryl, NSW, Australia). Since B. orientalis showed natural variation in dorsal coloration, we prepared 2 types of frog models which differed in dorsal color pattern: 1) dark-brown non-patterned form by mixing "black" and "forest green" color with 1:5 ratio, and 2) green/black patterned form by mixing "forest green" and "green light" with 1:5 ratio for the background color, then overlaid dark spots using the dark-brown color (see Supplementary Figure S2 for example photos We conducted 6 predation trials (2 trials for each site) and deployed 100 frog models (50 dark-brown and 50 green/black patterned) for each trial. Because of the nature of field predation trials in geographically different sites, the full control of external conditions (such as the exact timing of a season or weather) was impossible. To reduce the confounding effects, we blocked the treatment sites (AD, GP, JI) and randomly allocated the order of testing sites within each block. For each trial, frog models were placed on a rock at the edge of the creeks where B. orientalis is commonly found in mainland. After 24 h from deployment, we scrutinized any signs of predatory attack on the models and collected all back. On the second trial at the same site, we visited different, but adjacent creeks to conduct the trial. All trials were conducted between 7th June and 24th July, 2016 on non-rainy days.
Data analysis
All statistical analysis were conducted in R 3.1.2 (open-source software, R Developmental Core Team). To test the association between the place where each frog was first spotted and the site from which these observations were drawn, we used Pearson's chisquare test of independence. Two sites (SC and YA,) were excluded from this analysis since the first place a frog was found was not properly recorded in these locations. Therefore, a classification matrix of 7 different sites × 4 first place spotted categories were used for the analysis.
To compare the colorimetrics (brightness, chroma, and hue) of dorsal coloration among frogs in geographically distinct populations, we used permutation analysis of variance using "lmPerm" package (Wheeler and Torchiano 2016) because the data did not meet the assumptions of parametric tests. To compare the variance of dorsal colorimetrics among populations, we used the BrownForsythe test. However, because frogs can change dorsal coloration dependent on environmental conditions such as background color or temperature (King et al. 1994; Kang et al. 2016) , the results of dorsal color comparisons should be interpreted with caution and may reflect the conditions of microhabitat, not the geographical pattern. Therefore, we do not present the results in the main text but include it in Supplementary Information for the interested reader.
To test whether the colorimetrics of ventral coloration differed between study sites, we employed multivariate analysis of variance (MANOVA) using the range of colorimetric endpoints as response variables, geographical site, sex, and their interaction as fixed explanatory variables. We also included SVL as an additional response variable to test whether there exists differences in size among populations in different sites. When significant effects were detected, we further employed univariate Anova to identify which colorimetrics showed significant differences. We additionally examined whether frogs in different sites could be discriminated based on their colorimetrics using linear discriminant function analysis. Because of the large number of levels in treatment (9 different sites which would give the results of 36 comparisons per test), post hoc comparisons were not employed here which would dramatically increase the type-1 error (or decrease the power of the analysis if adjustment is applied), rather we discuss the results based on main results and data visualization.
For the analysis of activity levels, individual tracking was impossible from the video because frogs repeatedly (especially JI population) went underwater and disappeared from sight. Instead, for each study site, we measured "per capita movement per hour" and "per capita advertisement call by male frogs per hour" over 1-h periods. A movement was defined as "any movement of a frog that accompanied change in its position". The change in its position was recorded only when a frog completely moved away from its current position by jumping (or swimming in the water), thus when it moved farther than its body size. When measuring calling activity, we only measured advertisement calls (a call that male frogs make to attract females), and not releasing calls (a call that is made when a frog has been grabbed by another frog) (Zeyl and Laberge 2011) . We defined daytime as from 6 am to 7 pm, nighttime as from 8 pm to 5 am (excluded the transition time), and used this time category, site, and their interaction as explanatory variables, activity levels as response variables to employ MANOVA.
For the predation trial analysis, the survivorship of frog models (i.e. the presence/absence of signs of predator attack) was analyzed using generalized linear mixed model (GLMMs) with binomial error structure. Whether each replica survived for 24 h without any signs of attack was used as a binary response variable, study sites and color of the replica was used as explanatory variables with the interaction effect, and each block was set as a random effect. P values were adjusted to control for false discovery rates (Benjamini and Hochberg 1995) . All tests were 2-tailed.
Ethical statement
The experiment presented here met the ABS/ASAB ethical guidelines for the use of animals in research. The protocols for this study were approved by Ewha Institutional Animal Care and Use Committee (IACUC14-111) in 2014, and Carleton Animal Care Committee (No. 104357) in 2016.
RESULTS
Geographical variation in the place where frogs were first spotted
We found a significant association between study sites and the place where frogs were first spotted ( χ 18 2 = 304.69, P < 0.001; see Supplementary Figure S3 for the graphs for each population). In this analysis, the pivotal difference was found between mainland and Jeju Island populations (chi-square test between pooled mainland vs. Jeju Island population; Figure 2 ; χ 3 2 = 183.82, P < 0.001).
Although the spotted place also differed among mainland populations ( χ 10 2 = 304.69, P < 0.001), all frogs were found either "floating" or "on a substrate" or "under a rock" (Figure 2 and Supplementary Figure S3 ). However, most frogs in Jeju Island were found underwater, usually motionless under rocks or leaf litter (Supplementary Video S1) while all frogs in mainland were found actively moving on land. The first spotted places were not different between 2 different JI sites (96 and 76% frogs were found underwater for each site respectively, χ 3 2 = 10.976, P = 0.08). We note here that frogs on the mainland were readily detected without searching because most frogs actively responded to human approach by either jumping away, swimming away, or escaping to a nearby refugee. However, most frogs in JI sites were spotted only after removing a rock or vegetation under water (see Supplementary video S1 for examples) and frequently did not move once they were revealed.
Geographical variation in ventral coloration
Our fitted MANOVA model showed significant effects of site (Wilk's λ = 0.27, approximated F 8,219 = 10.39, P < 0.001) and sex (Wilk's λ = 0.92, approx. F 1,219 = 4.56, P = 0.001), but no significant interaction (Wilk's λ = 0.83, approx. F 8,219 =1.25, P = 0.16) on the colorimetrics and SVL of the frogs. In terms of colorimetrics, the ventral coloration of frogs differed in terms of brightness ( Figure 3a , F 8,219 = 6.22, P < 0.001), chroma ( Figure 3b , F 8,219 = 21.72, P < 0.001), but not hue (F 8,219 = 1.13, P = 0.33) among sites. Notably, both brightness and chroma were lower in the JI population than the mainland populations. In other words, the ventral red coloration of B. orientalis was brighter and more vivid in mainland than in JI. Although there existed some overlap, the discriminant function analysis separated the JI population from mainland populations (Figure 3c ) based on ventral coloration, while there were considerable overlaps in the characteristics of mainland populations. Discriminant functions 1 and 2 separated 86% and 11% of the data respectively. Both LD1 and LD2 discriminated among sites based on brightness (correlation with LD1 = 0.32; with LD2 = 0.93) and chroma (LD1 correlation = 0.82; LD2 correlation = −0.56), but not hue (correlations < 0.09).
There were no differences between the sexes in terms of brightness (F 1,219 = 0.06, P = 0.80), chroma (F 1,219 = 3.30, P = 0.07), but significant differences were found in hue (F 1,219 = 13.40, P < 0.001) in that female ventral coloration was more shifted towards longer wavelengths, thus more reddish (hue for males: 663.44 ± 1.44, females: 672.68 ± 2.11, mean ± SEM). Interaction effects were not significant in all analyses (all P > 0.09). Populations also differed in terms of SVL (Figure 3d , F 8,219 = 5.39, P < 0.001). Notably, JI frogs were small compared to the mainland frogs.
Comparison of activity levels between mainland and Jeju Island populations
Overall, the activity levels were different between day and night (Wilk's λ = 0.76, approx. F 1,64 = 9.82, P < 0.001), and among sites (Wilk's λ = 0.49, approx. F 2,64 = 13.10, P < 0.001). We also detected a significant interaction effect (Wilk's λ = 0.77, approx. F 2,64 = 4.28, P = 0.002). Specifically, in terms of the number of movement per hour, activity levels were not significantly different between daytime and nighttime (Figure 4a and b, F 1,64 = 0.42, P = 0.51), but different among populations (F 2,64 = 31.13, P < 0.001) in that JI populations were significantly less active than the other 2 mainland populations (JI vs. AD: z = 6.65, P adj < 0.001; JI vs. GP: z = 6.62, P adj < 0.001). We found no differences between AD and GP populations (z = 0.09, P adj = 0.92). We also found a significant interaction effect (F 2,64 = 3.05, P = 0.05), but data visualization suggests that the interaction effect (higher nocturnal activity in AD/JI population than GP population) is not prominent and appears weaker than the main effect of site (Figure 4b) . Calling activities were different among sites as well (Figure 4c  and d ; F 2,64 = 11.00, P < 0.001) in that male frogs in mainland populations called more frequently than JI frogs (JI vs. AD: z = 4.69, P adj < 0.001; JI vs. GP: z = 3.72, P adj < 0.001). There were no differences between AD and GP populations (z = 1.02, P = 0.30). Calling activities were higher during nighttime than daytime (Figure 4d , F 1,64 = 15.81, P < 0.001) only for mainland populations, but consistently low in JI population (interaction effect: F 2,64 = 3.23, P = 0.04).
Frog model predation results
Among 600 deployed frog models, 45 models were attacked (7.5% of total). Of the attacked models, 44 models were found with signs of avian attacks, one showed a sign of rodent attacks (see Supplementary Figure S2 for example photos). We found a significant effect of site on survivorship of the frog models ( Figure 5 , χ 2 2 = 15.33, P < 0.001). Post hoc comparisons revealed that the frog models were attacked more frequently in Jeju Island than the other 2 mainland sites (JI vs. AD: z = 2.29, P adj = 0.03; JI vs. GP: z = 3.63, P adj < 0.001). There were no significant differences in the frog model survivorship between AD and GP sites (z = 1.86, P adj = 0.06). We found no effect of frog color type on survivorship ( χ 1 2 = 2.93, P = 0.08) and no significant interaction effect of color and site on survivorship ( χ 1 2 = 1.37, P = 0.59).
DISCUSSION
Through a series of surveys and experiments, we examined the geographical patterns of variation in behavioral and morphological traits in B. orientalis, and tested whether local predation pressure could be implicated in the observed geographical divergence in these traits. Our results clearly reveal the geographical patterns of variation in multiple traits, which were most dramatic when comparing characteristics between mainland and Jeju Island populations. Jeju Island frogs can be characterized by 1) less bright and less chromatic aposematic ventral coloration, 2) less active during both day and night compared to mainland populations and 3) a tendency to rest underwater which was never found in mainland frogs. Although it is possible that the differences could be due to microhabitat differences rather than geographical differences, dorsal coloration also differed between mainland and Jeju Island populations in that frogs in Jeju Island exhibited consistently dark colored dorsum without bright-green patterns while frogs in mainland showed high variation in their dorsal coloration which potentially matches the coloration of their microhabitat (Supplementary Figure S4 and Supplementary Table S2 ). The results of predation experiments further suggest that differential predation between Jeju Island and mainland is a key driver that has shaped the divergence in traits in B. orientalis. Given the clear differences, it is natural to ask what factors drove the diversification in behavioral/morphological traits between island and mainland. The recent phylogeographical analysis of B. orientalis suggests that Jeju Island population diverged from mainland populations by a single dispersal event (Fong et al. 2016 ). So, a founder effect followed by local adaptation to the island conditions (Foster 1964 ) may account for these evolutionary changes (Kolbe et al. 2012) . We note that the island frogs tended to be smaller, a feature commonly attributed to different selection pressures on body size in mainland and island populations (Whittaker and Fernández-Palacios 2007) . In general theory, individuals in island population evolve larger size when predation pressure is relaxed, but they evolve smaller size when resources are limited (Whittaker and Fernández-Palacios 2007) . In B. orientalis, our predation experiment showed that frogs in Jeju Island suffer higher predation pressure than mainland frogs (on average, the number of attacked frogs were 2.6 times higher on Jeju Island than on the mainland). We speculate that the higher predation risk in Jeju Island limited foraging activities and consequently resulted in a body size reduction. However, further investigation would be necessary to disentangle the mechanisms that involved in body size reduction in Jeju Island frogs.
One evolutionary scenario for the observed phenotypic differences between Jeju Island and mainland populations is that the higher predation risk in Jeju Island first drove the frogs to evolve underwater hiding behavior during daytime. Then this behavioral change initiated shifts in associated traits (Huey et al. 2003) in that it subsequently, or synchronously if the 2 traits are linked (Armbruster and Schwaegerle 1996) , affected their activity levels to avoid predation. With regard to the shift in coloration, we provide 2 non-mutually exclusive hypotheses for the expression of less pronounced ventral aposematic coloration in Jeju population. First, less pronounced ventral aposematic coloration can be simply a consequence of hiding underwater and being less active which would decrease the time for foraging and the consumption of carotenoidrich diet that are essential for the color expression (Umbers et al. 2016) . Alternatively, or in addition, the evolution of underwater hiding behavior might decrease the encounter rates with predators which resulted in relaxed selection on aposematic coloration (Lahti et al. 2009 ). Laboratory rearing experiments could be conducted to evaluate the plausibility of both hypotheses. If the dietary hypothesis were true, we would expect that the eggs (or early stages of tadpoles) from mainland and Jeju island would express similar ventral coloration when they become adults if they were reared under the same diet conditions. However, if the coloration was under relaxed selection, we expect genetic changes so that frogs from Jeju Island Percentage of the attacked frog clay models after 24 h of deployment in predation experiments. Total 600 frog models (200 for each site) were deployed at 2 mainland sites (AD and GP) and Jeju Island (JI). Bars and error bars represent mean ± 95% binomial confidence intervals. Frog models were significantly more attacked in JI site than the 2 mainland sites (see results for statistics). There were no difference between GP and AD sites. n.s., non-significant; *P < 0.01, ***P < 0.001.
would express less pronounced aposematic coloration despite the same diet. Although our predation trials did not quantify the predation threats underwater (a practically challenging experiment since painted plasticine clay models can lose their color and shape in water), we consider that predation on adult B. orientalis underwater is likely to be low at all sites because, to our knowledge, 1) there are no aquatic predators that are sufficiently large to consume a B. orientalis in a creek habitat, 2) underwater foraging is limited to only a few uncommon species of avian predators, such as Cinclus pallasii or Halcyon coromanda, in our study sites, and 3) whenever B. orientalis was found underwater in Jeju Island, they were usually found under rocks or leaf litter which further reduces their chance of being detected by predators. Likewise, we could not rule out the possibility that, as in all natural systems, multiple frog models were attacked by the same individual predator. However, like all field experiments of this nature, we feel that our results reflect overall predation pressure regardless of the identities of the predators involved. Some may also argue that underwater resting behavior has evolved for other functions such as mating or foraging, but an adult B. orientalis (both mainland and Jeju island frogs) mainly feeds on terrestrial invertebrates (Koh et al. 2007 ) and finds a mate by calling, so underwater resting spot appears to have evolved mainly to avoid terrestrial predators, with other functions less likely.
In addition to the recent evidence of genetic diversification of Jeju Island population (Fong et al. 2016) , our study further reveals the diversification of multiple phenotypic (morphological and behavioral) traits, most likely due to differential predation risk between mainland and Jeju Island. However, our understanding of this diversification process is far from complete and many questions remain to be tested. We encourage future studies to tackle questions such as the role of gene/environment on the expression of warning coloration in different forms of B. orientalis, and the role of local selection and founder effects in the diversification process.
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